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ABSTRACT 


Continuous advancements in technology provide an opportunity for higher educational institutions to enhance the electronic 
learning experiences of students. Following a review of literature, this research explored student perceptions on the possible 
uses of virtual reality in their universities, as a way of easing their access to learning material. The research was conducted 
with the aim of answering the question of how virtual reality can be used to enhance learning, for higher learning 
institutions. Using a mixed-method research method, online surveys were distributed to registered university students in 
South Africa, using a simple random sampling strategy, to obtain a diverse and non-biased data set. The quantitative and 
qualitative responses were analyzed separately, before being triangulated, and used to inform the discussion and conclusion. 
Ultimately, the research found that although there are various benefits associated with the introduction of Virtual 
Reality - in South African Higher Education Institutions - the diverse population of participating students, and the varying 
differences in their socioeconomic statuses, would result in the inequitable distribution and usage of its resultant advantages. 
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1. INTRODUCTION 


In recent years, higher education has been viewed as the key to influencing holistic development (both 
economic and social), in emerging markets. Matherly, Amin & Al Nahyan (2017) highlight the positive 
correlation, between the level of investment put into improving the quality of higher education, and the resultant 
increase in a nation’s economic growth; insinuating that the higher the quality of a country’s education system, 
the better the life of the inhabitants of the said country. Lane & Johnstone (2012) also makes mention of the 
ongoing “great brain race” between various countries. They accredit the intensity of the race to the different 
nations’ realization of the role played by higher education, and the level of skilled human capital it produced, 
when attempting to influence innovation, and economic development. 

It is undeniable that the introduction, and evolution of technology, has changed the way in which all 
industries operate. Accordingly, the education system has not been overlooked by the effects of digitization 
and globalization. Many have researched the integration of different advanced learning technologies within the 
higher education sector. These include the study of challenges and prospects of attaining an online higher 
education within a South African university (Letseka & Pitsoe, 2014), the study of student perceptions 
regarding the implementation and use of virtual classrooms (Cakyrodlu, 2014), and using artificial intelligence 
techniques, to influence interactive and adaptive, online education systems (Almohammadi, Hagras, 
Alghazzawi & Aldabbagh, 2017). Resultantly, the addition of technology, to education, has resulted in positive 
outcomes on various issues faced by the sector, over the years. Furthermore, Passig (2015) mentions how 
advanced educational technologies, with their advanced interfaces, generate an accelerated enhancement in a 
wide range of skills that the natural educational environment alone cannot account for. 

However, it has also been found that the implementation of online learning technologies, are not easily 
always accessible to different demographic groups. Cohen, Bancilhon & Grace (2017) stress that the realization 
of a digitally connected society is highly dependent on, and cannot be disassociated from, the need for social 
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and economic inclusion. Thus, introducing advanced technologies requires an understanding of the student 
body context, especially if the electronic learning requirements will extend beyond the campus environment. 

In terms of the study’s population, South African higher education institutions can be viewed as the perfect 
research population for the implementation of new technologies. This is as a result of the nation rich historic 
background, socio-economic characteristics, and the presence of a digital divide within the country’s different 
races and groupings. For that reason, the University of the Western Cape (UWC), was deemed an appropriate 
sample frame. Banda & Peck (2015) describe UWC as a previously disadvantaged university, which was 
initially introduced for the ‘Coloured’ population in apartheid South Africa, but challenged the apartheid 
system; ultimately admitting students from a variety of races and ethnicities. The university has since made 
various strides in the learning and equitable education landscape, and is today a world-recognized institution. 
In 2016, UWC had a registered student population of 21796 pupils, with a diverse representation from different 
socio-economic and demographic backgrounds. When comparing UWC to other universities in South Africa, 
Banda & Peck (2018) further highlight the existing demographic differences of the institution. They state this 
diversity in demographics as the reason for UWC being currently regarded as a “multiplex research site”. 

Nyahodza & Higgs (2017) use statistics from a 2016 World Bank survey (which concludes that the lower 
half of South Africa’s population account for a mere 8% of the country’s income) — to support their argument 
that a majority of these individuals are unable to afford educational resources, which also include computers 
and an Internet access. Furthermore, a study by Hersh & Mouroutsou (2015) identifies income and language 
as the primary factors, defining the access to learning technologies. This is important to note, in the context of 
South Africa, where the apartheid era has resulted in a long-lasting influence on economic disparity. 
Nevertheless, when considering the different technologies that can be used in higher education, Virtual Reality, 
amongst other emerging technologies, provides an opportunity to bridge the resource gap for students allowing 
them to gain experience in their learning outcome using technology. This can be especially useful in resource 
constrained environments. Lu, Li, Chen, Kim & Serikawa (2018) describe virtual reality as a computer 
system-generated simulation, which creates a virtual environment that can be interacted with, in a realistic 
manner. Taking into account that traditional learning takes place in the form of real-time interactions between 
learners and facilitators, Cakyrodlu (2014) makes mention of the implementation of VR-created simulations 
and assessments, allowing facilitators (teachers and lecturers) to test a learner’s ability to react to real-life 
scenarios, based on their course of learning. This also allows students in high-risk fields (such as surgeons and 
engineers) to immerse themselves in realistic simulations, without the risks associated with making mistakes 
during real life operations, as well as without having physical access to such resources. It is, nonetheless, also 
important to acknowledge the advantages and developments that may arise from the introduction of VR within 
education. For example, the growth in the popularity of Virtual Reality may be the driving force, facilitating 
an increase in access to local higher education, across the different socio-economic groups, of South Africa. 
These possible advantages provide a rational reasoning for the necessity of investigating a possible solution, 
to a better interaction with learning content, for registered students of South African higher education 
institutions. 


1.1 Research Questions & Objectives 


Unterhalter et al. (2017) acknowledge that although the recent student protests in South Africa shine a light on 
access and funding problems, these protests are not isolated events. Furthermore, they expand on the notion 
that these events uncover deep-rooted challenges within the higher education system, stemming from an 
unresolved colonial legacy. One must therefore consider that, due to the large economic disparity amongst the 
different socio-economic brackets of South Africa, some students find it more difficult than others to access 
the higher education system as well as related resources. This research therefore aimed to investigate the main 
research question of, how can Virtual Reality be used, to enable access to learning resources for higher 
education students, in South Africa? This was supported by four research sub-questions, giving direction to the 
research, and ultimately satisfying predetermined objectives. The research delved into what the main factors, 
contributing to the lack of access to Higher Education in South Africa, are, before a further reviewing past 
literature to answer the question of what Virtual Reality solutions have already been implemented, in higher 
education, across the world. Thirdly, the research investigated How a VR-augmented higher education system, 
affects a diverse student population, before the final research question aimed to identify the different ways in 
which VR can be used to support students’ equitable access to higher education learning content. 
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The sub-questions will help to satisfy the following objectives, and ultimately answer the primary research. 
The first objective being to identify the main forms of virtual reality, which have been used to support education 
in universities. Secondly, the research aimed to determine how VR can be used to support students, in order to 
adequately and less-effortlessly interacting with their institution’s learning content. The final objective was to 
analyze the effects, as well as other advantages, of introducing a VR-augmented higher education system, 
within a diverse student population. 


2. LITERATURE REVIEW 


2.1 Technology in Higher Education 


With the advent of technology, higher education qualifications have become more revered than in before. So 
much so that various countries have invested heavily in improving the quality of higher education, as it directly 
correlates to a nation’s economic development (Matherly, Amin & Nahyan, 2017). Matherly, Amin & Nahyan 
(2017) identified an increase in salaries, enhanced employment opportunities, better mobility, a longer life 
expectancy, and an improved quality of life as some of the direct benefits of higher education qualifications. 
This supports to the notion that the importance of university or higher education is ever increasing, in an 
increasingly competitive global economy. Winters (2011) further notes that the main indicators and influence 
on a nation’s human capital capability, is the presence of HE institutions in the area of dwelling. 

However, in order to gauge the success of implementing technology in higher education, one must 
understand the knowledge and associated challenges of the technologies’ primary users. These users include 
higher education students, as well as the teachers (and lecturers) of institutions. Jantjies & Joy (2016) highlight 
the cultural and linguistic diversity of students, as a pivotal factor in the introduction of technology, in 
education system of South Africa. This is a result of the relatively large number of official languages and 
cultures recognized in the country, compared to other nations. It is, also important to consider the readiness 
and willingness of students, to accept the introduction of technology-aided learning. Chaka & Govender (2017) 
found that Nigerian higher education learners were receptive to the idea of a technology-aided learning systems, 
with their perceptions of technology driving this acceptance rate. One can therefore assume that, should South 
African learners have similar perceptions of technology, the adoption of a blended learning system would result 
in a successful implementation. A Western Cape based study, by Chigona, Chigona & Davids (2014), 
investigated the factors motivating educators to use ICTs in the province’s disadvantaged areas. These factors 
were identified as the individual expectations of, the resultant feeling of achievement from, and the 
responsibilities associated with the use of ICTs in the aforementioned areas. As a result, this clarifies the need 
to motivate, inspire, and train educators on the use of ICTs in South African institutions. 


2.2 Introducing Virtual Reality in Higher Education 


Virtual reality enables the simulation of virtual environments through software applications to mimic the 
real-world environment. Hardware enabling users to gain access to virtual reality applications are either head 
mounted gear such as the oculus rift and the HTC Vive, or mobile devices supported through a head mounted 
casing. As VR hardware becomes more affordable, educational institutions are finding ways to enhance 
learning by supporting the immersive learning experience afforded by VR (Duta et al., 2011; Freina and Ott, 
2015). Furthermore, a CAVE (Cave Automatic Virtual Environment) which is a 4 or 5 screened cube “room” 
can be used to allow between 2 to 8 participants to get an immersive 3D experience of a learning task. 

A CAVE projects on the surrounding screens allowing surrounding 3D visuals of the content being 
projected. It is also supported by surround sound (Leder et al., 2019). While CAVES usually entail high 
implementation costs, they in turn provide simultaneous access to multiple students, as more than two students 
can use a CAVE at once. While there is a growing number of accessible VR hardware, there is a need for more 
developments of contextual and multilingual applications for various study fields. Many of the existing learning 
applications such as DentSim designed to support restorative dentistry education and The Geneva System 
developed to teach dental anatomy (Duta et al., 2011) were developed for a specific context. This provides an 
opportunity for African universities to develop applications which are specific to their fields as well considering 
contextual issues such as availability of content in multiple languages. 
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However, it is also important to acknowledge that with the advances in technology, there are various 
high-powered applications of virtual reality, which have been implemented within the modern-day higher 
education curricula. For example, Al Awadhi, et al. (2018) make mention of the Titan of Spare application, 
which immerses students into a virtual realm of the solar system, allowing them to discover and better study 
the solar system’s planets, from the comfort of their lecture halls. King, Tee, Falconer, Angell, Holly & Mills 
(2018) also elaborate on the CILVRS (Collaborative Immersive Learning Virtual Reality Series) project of 
Bournemouth University, in the United Kingdom. This simulation, in which medical students take on the role 
of a medical practitioner, awaiting the arrival of their patient, provides students with the opportunity to learn 
from their mistakes (virtually) without jeopardizing the wellbeing of real patients. 


3. RESEARCH METHODOLOGY 


3.1 Design & Methodology 


A mixed method survey, which is described by Creswell & Plano Clark (2007) as the use of both qualitative 
and quantitative data sourcing, in a single study, was used to conduct this study. A self-administered 
questionnaire, which was development and loosely guided by the 13 principles of questionnaire construction, 
was made available to the student population, using a simple random sampling approach. Responses from 
eighty-one (N = 81) registered students, completed the survey. The data was analyzed using a thematic 
approach, described by Clarke & Braun (2016) as the identification and analysis of responses, in order to 
deduce substantial patterns within a qualitative data set, ultimately classifying them as themes. The formulation 
of themes from the data, gave the researcher an opportunity to identify patterns and similarities in the students’ 
responses, by finding commonalities in the problems identified, as well as the suggestions provided. 

The identified themes, discussed in the research findings are: - 1) Student Access to Different content 
platforms, provided by the institution, 2) Student Usage and Knowledge of Technologies in Higher Education, 
and 3) Students’ perceptions of a Virtual Reality Augmented in Higher Education System. 

The first two themes allowed the for a better understanding of the third research sub-question, regarding 
How a VR-augmented higher education system would affect a diverse student population. In the first theme, 
we sought to understand the current experiences of online learning for students. Furthermore, the third theme 
was formulated to unpack the fourth research sub-question, which aimed to elaborate on the different ways in 
which VR can be used to support students’ equitable access to higher education learning content. 

The use and analysis of both qualitative and quantitative methods also allowed for the neutralizing of the 
weaknesses in one method, by using the strengths of the other method. However, a mixed method analysis also 
allows a researcher to enhance the strengths of one method, with the strengths of the other (Creswell, 2009). 
Furthermore, Tobergte (2013) describes triangulation as the effort of combining both types of data that have 
been used within the mixed method process, in the attempt to use one set to corroborate the other. As a result 
of the triangulation, the trends found within the qualitative analysis were used to try and provide a sense of 
justification/context to the trends found within the different themes of the qualitative data. 


4. FINDINGS 
4.1 Access to Different Content Platforms, Provided by the Institution 


In this the theme, the study sought to understand the current digital learning devices and resources, which the 
students’ access, and can be used to support VR. While the university provided full Internet access to students 
and staff, 26% of participants stated that the main issue they faced with Internet access, was the challenges of 
a periodic slow Internet connection. Other reasons stated included the lack of access to substantive online 
journal article portals, with nine percent highlighting this as a challenge to them. 16% of the participants 
reflected on the inability to access the institution’s online student portal (Learning Management Systems) and 
learning platform, at certain times of the day, due to high usage. Almost half of the students at displayed in 
Figure | did not experience problems when accessing current online learning resources, as the campus had a 
good network support as well as technician and e-learning walk-in support centers. To understand how VR 
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will be accessed by the student population, the research investigated the types of devices used, to access 
learning content. Table | reflects that almost two-thirds of the students accessed technology on campus and 
relied on the university computer labs. This provides a reflection on the type of VR applications, as well as 
tasks, that could be given to students. 


= Internet Access 
= Journal/ Article Access 
Ikamva (School System) 


Access 


= None 


Figure 1. Problems faced when accessing online learning content 


Table 1. Access to learning platforms on and off campus 


Desktop Mobile (Tablet Total 
Residence Off Campus 14 6 2 22 
On Campus 47 11 1 59 
Total 61 17 ) 81 


4.2 Student Usage and Knowledge of Technologies in Higher Education 


This theme sought to understand the different platforms used by students to interact with their course content. 
In Figure 2, 16% of participants stated that their most used applications were Microsoft Office Suite or similar 
software. Further followed by a 20% use of Email, the institution’s Online Library, and the university student 
Learning Management System services, respectively. Furthermore, 20% of students reflected not having had 
any use of technology in their learning process. Contrastingly, 8% of students perceived the current technology 
infrastructure in the institution as being either unsatisfactory or mediocre. In aiming to understand student’s 
current knowledge and use of virtual reality technology, the study also found that more than 60% of the students 
have neither knowledge of, nor experience with, virtual reality. However, 12% of the students did state that 
they had experienced virtual reality, with participants highlighting their knowledge for its use in gaming. 
Additionally, 26% of the students also stated that they only had some knowledge of virtual reality, but had no 
previous interaction with it. The students reflected that this knowledge of Virtual Reality was gained from 
either self-study, or first year Information Systems lectures. The results in the study reflected on the student 
population’s lack of previous interaction with any VR applications, especially in the learning context. VR was 
often known to them as a gaming tool. The results also reflected the importance of students’ training support 
for virtual reality, as a small percentage of them were currently not expected to use technology in their tasks. 
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Figure 2. Participant usage of Technology in Higher Figure 3. Student expectations of the introduction of 
Education virtual reality 


4.3 Students Expectations of a VR-Augmented Higher Education System 


Regarding what students would expect from a VR supported digital learning system, the results in Figure 3 
reflect that 15% of students expected VR to provide them with realistic experiences of learning. Examples of 
these realistic experiences included visiting nature reserves or foreign destinations, from the comfort of their 
home. Five percent of the students expect that a VR supported learning experience will have a negative impact 
on their learning experience. Just over a fifth of the students expect VR to aid in education and learning 
capabilities of the population, both in formal institutions as well as through private/individual use. 

Regarding students’ perceptions on the advantages of integrating VR within Higher education, as reflected 
in Figure 4 below, the study found that while 22% of the respondents were unable to find any advantages of 
VR in their education, 20% of the students stated that it would afford them the opportunity of practical 
experience, as opposed to relying solely on the theory they are taught. A further 19% identified a possible 
increase in their learning and knowledge retention process, with 15% perceiving this innovation as one that 
will increase interaction between students, as well as lecturers. 10% of the students believe that the ability to 
access and better interact with course content, when not on the university campus will be the greatest advantage 
of implementing VR. Additionally, the remaining 16% of respondents highlight an increased interaction with 
course content as the main advantage associated with a VR-augmented Higher Education system. 


Noe 
Increase Content... i 
Improve Learning... 
Increase Interaction... i 


Offsite Access [i ree 
= Slow Integration into Course Curriculum 


Practical Experience 7 = Educate Students on VR Use 
Provide VR Labs/Infrastructure on Campus 
0% 20% 40% Basic 
Figure 4. Student's perceived advantages of Virtual Figure 5. Student Suggestions on How to Make VR 
Reality in Higher Education implementation Inclusive to All Students 


In terms of the different ways that students believe the implementation of VR can be made inclusive, the 
following findings were recorded. In Figure 5, 22% of student believe that slowly integrating the technology 
into their curriculum, would be the best way to influence equitable use of the technology. However, while a 
fifth of the respondents highlight the necessity of educating students on the effective use of VR in higher 
education, a quarter of the respondents felt that the best way to promote equitable access to the technology is 
through the building and provision of VR-dedicated labs (and infrastructure), on their campus. 
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5. DISCUSSION 


One aspect of the research aimed to find the main issues faced by students, when interacting with the different 
online platforms, of their institution. This was analyzed within the theme of Student Access to Different content 
platforms, provided by the institution. The most prevalent issues were the lack of access to a stable internet 
connection, as well as the inability to access their online learning management system during certain periods 
of the day. Resultantly, with institutions having a limited number of computer labs (and computers), compared 
to the overall student population, most students would be required to use personal computers and laptops to 
interact with their online content. If taken in the context of Nyahodza & Higgs (2017) - who stated that a large 
fraction of South African students are unable to afford educational resources, such as personal computers - this 
lack of access to a workspace, and adequate internet connection poses a challenge to VR, within higher 
education learning. In cases where students do not own smart phones, the lecturers would be expected to 
provide VR platforms or provide alternative solutions, which consider the resources that students have access 
to. Dedicated VR supportive labs or access to mobile devices, smart phones or a CAVE would be important in 
ensuring that students can effectively access and use VR in their education. The results also reflected the 
importance of the existing e-learning center to support VR systems training support which was currently 
effective in supporting other e-learning training services. 

Regarding the theme of “Student Usage and Knowledge of Technologies in Higher Education” the study 
reflected that many of the students residing on-campus make use of the institution’s Wi-Fi services, and thus 
mainly relied on the university network services. Furthermore, students residing off-campus would be required 
to carry the cost of an increase in the bandwidth required to efficiently use VR. The role of free Wi-Fi in 
supporting current e-learning activities reflected the importance of VR software which was also available 
offline. The study further reflected that academics using VR should be considerate of the role of the Internet in 
the e-learning process, and thus cannot solely rely on VR applications requiring access to the Internet, 
especially with tasks required beyond the lecturer room (Blignaut, Els & Howie, 2010). Furthermore, with a 
combined total of 56% of students having reported that they had either limited, or no, experience with 
technology usage in higher education, this reflected on literature by Walker & Mkwananzi (2015), highlighting 
that students that are enrolled in higher education institutions, filter in from positions of extreme inequality. 
When discussed in conjunction with other findings, where 60% of the students reported that they had no 
knowledge or experience of virtual reality, extensive training and education on the usage of the VR technology 
was found to be important in its successful implementation. 

When investigating the theme of “Students’ expectations of a Virtual Reality-Augmented Higher Education 
System”, many of the participants had no prior knowledge of VR and its use in education. With regards to the 
advantages expected from a VR-augmented Higher Education, a combined 26% of the respondents cited 
perceived advantages in possible interaction and collaboration between students, as well as with lectures, as a 
result of better accessibility and interaction with course content. This realization correlated with Viberg 
& Grénlund (2013), who stated that the introduction of VR would change the traditional delivery of, and access 
to, learning content; by overcoming the spatial-temporal characteristic of modern-day formal education. 
Furthermore, Viberg & Grénlund (2013) also made mention of the advancements afforded by VR, resulting in 
habitual online meetings and classrooms, as well as the opportunity to integrate mobile learning into curricula, 
to further overcome these spatial-temporal factors. Considering the increase in mobile technology adoption 
(relative to that of personal computers) in developing countries, with mobiles being identified as the second 
largest platform usage for accessing online learning content — tailoring the introduction of VR to a more 
mobile-based platform would deliver the most benefits, and a greater realization of the aforementioned 
advantages. 

In terms of promoting inclusivity of, and equitable access to, virtual reality in the higher education system, 
the findings identified the need for dedicated virtual reality labs and infrastructure (provided by the institution) 
as being the most imperative factor to widespread adoption and usage. In reference to Letseka & Pitsoe (2014) 
who stated that education delivery models of global institutions is moving towards one that is cost-effective, 
while not foregoing service quality, this finding would highlight the need for South African institutions to 
transition towards integrating and procuring emerging technologies, within their respective campuses. The 
findings reflect on the notion of Hersh & Mouroutsou (2015) who state the main hindrances of access to these 
emerging technologies include the cost off lack of funding for maintenance of emerging technologies, as well 
as aneed for training and support for academics. Future use of VR application in higher education could thus 
enhance learning effectively through both infrastructure and human resource support to ensure its success. 


98 


16th International Conference on Cognition and Exploratory Learning in Digital Age (CELDA 2019) 


6. CONCLUSION 


Conclusively, although there has been an increase in the implementation of virtual reality technologies, within 
the global education system; it is important to note that this increase is predominantly in the institutions of 
developed nations. This may be due to cost of infrastructure associated with VR technology being relatively 
high, in comparison to other technologies that are currently being used in institutions. Furthermore, with the 
financial, procurement and quality-related challenges — faced by the South Africa government, as well as some 
higher education institutions — the introduction of Virtual Reality, in the nation’s current economic climate, 
would more of a burden, than an advantage to all parties with a vested interest. However, even with the 
challenges of introducing this technology, there is indeed a plethora of benefits that can be realized. 

In addition to increasing the accessibility of online interaction with an institution’s learning content, as well 
as providing practical experience and knowledge of one’s respective field of study; a relationship between VR 
and higher education will provide facilitators with increased avenues of disseminating and assessing 
course-related content, in a way that will be easier to remember, for the students. Nevertheless, the training of 
VR-usage for such a diverse student population, from various backgrounds, may be further complicated by 
other technology adoption factors. With the data and internet, prices of South Africa being identified as one 
the most expensive in the world (in comparison to other developing countries) the bandwidth-heavy nature of 
VR usage would limit the holistic adoption of the technology across the entire student population. Another 
notable aspect of the study would be the consideration of the limitations surrounding the study. These 
limitations, in one way or another, may have had an influence on the outcome of the study; and could be 
mitigated in future research. 

The first limitation is the duration of the study, which was conducted over a period of seven months. 
Another limitation would be the location of the study. With the study being conducted solely in the University 
of the Western Cape, it would be difficult to generalize the study to the rest of South Africa’s higher learning 
institutions, as they each have a different demographic profile, respectively. This study, with consideration of 
the above limitations, has served as an investigation of the effects of VR in a higher education institution, in 
the Western Cape. Furthermore, the results of the study can be further researched, on a larger scale, and over a 
longer time period; to better investigate the trends suggested within this article. Overall, although the benefits 
associated with the introduction of VR within the South African higher education system will provide new and 
enhanced opportunities, when accessing and interacting with one’s online course material, the financial 
requirements of such an implementation for both institutions, and students, would not promote an equitable 
distribution and adoption of the technology. Resultantly, the access to VR augmented online learning content 
will only be beneficial to primarily those of the upper socioeconomic brackets of the nation. 
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